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1
HIGH-FREQUENCY MODULE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to high-frequency modules
used in, for example, antenna front ends of wireless com-
munication devices.

2. Description of the Prior Art

An antenna front end of a wireless communication device
may be formed as a high-frequency module in which a
switch IC, a SAW filter (SAW duplexer), a matching circuit
and so forth are provided in a multilayer substrate (refer to,
for example, Japanese Unexamined Patent Application Pub-
lication No. 2011-77723).

FIG. 10 is a circuit diagram for explaining an example of
a high-frequency module of the prior art.

A high-frequency module 101 illustrated in FIG. 10
includes a switch IC 102, an antenna matching circuit 103,
a transmission filter circuit 104, a transmission filter circuit
105, a SAW duplexer 106, a matching circuit 107, a SAW
duplexer 108 and a matching circuit 109.

The high-frequency module 101 transmits and receives
transmission signals and reception signals corresponding to
a plurality of communication systems by commonly using a
single antenna. The switch IC 102 has an antenna connection
port PsA and connection switching ports PsS1, PsS2, PsS3
and PsS4. The switch IC 102 performs switching to connect
any of the connection switching ports PsS1, PsS2, PsS3 and
PsS4 to the antenna connection port PsA. The antenna
matching circuit 103 is connected to the switch IC 102 via
the antenna connection port PsA and performs impedance
matching between the antenna and the switch IC 102. The
transmission filter circuit 104 is connected to the switch IC
102 via the connection switching port PsS1 and allows a
signal of a transmission band of a certain communication
system to pass therethrough. The transmission filter circuit
105 is connected to the switch IC 102 via the connection
switching port PsS2 and allows a signal of a transmission
band of a certain communication system to pass there-
through. The SAW duplexer 106 is connected to the switch
IC 102 via the connection switching port PsS3 and is
composed of two SAW filters having different pass bands to
each other. The matching circuit 107 is connected between
the SAW duplexer 106 and the switch IC 102 and performs
impedance matching in a band corresponding to the SAW
duplexer 106. The SAW duplexer 108 is connected to the
switch IC 102 via the connection switching port PsS4 and is
composed of two SAW filters having different pass bands to
each other. The matching circuit 109 is connected between
the SAW duplexer 108 and the switch IC 102 and performs
impedance matching in a band corresponding to the SAW
duplexer 108. The matching circuit 107 and the matching
circuit 109 are each formed of a single inductor. Each of
these inductors is connected in parallel with the respective
signal line and has one end thereof connected to ground.

In the case where a matching circuit is formed by con-
necting an inductor in parallel with a signal line as in the
above-described high-frequency module, the SAW duplexer
exhibits a high-pass attenuation characteristic in which
attenuation in a band lower than the pass band is compara-
tively large and attenuation in a band higher than the pass
band is comparatively small when seen from the switch IC
side. Consequently, sometimes a harmonic of a reception
signal cannot be sufficiently attenuated and intermodulation
distortion is generated by the reception signal and the
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harmonic in the SAW duplexer and a circuit connected
downstream of the SAW duplexer.

Therefore, giving the SAW duplexer a low-pass attenua-
tion characteristic in which attenuation in a band higher than
the pass band is comparatively large and attenuation in a
band lower than the pass band is comparatively small when
seen from the switch IC side has been considered. Accord-
ingly, the matching circuit may have a configuration in
which a capacitor is connected in parallel with a signal line.
However, in such a case, when the capacitor is formed by
providing a pair of coupling electrodes, it is necessary to
secure a space in which to arrange the pair of coupling
electrodes inside a multilayer substrate and as a result, the
size of the substrate has sometimes been increased.

In addition, for example, the inductor and capacitor
forming the matching circuit and a wiring line that is
connected to the matching circuit are formed as inner layer
electrodes in the multilayer substrate, and degradation of
isolation characteristics and generation of intermodulation
distortion has sometimes occurred due to the inner layer
electrodes that form the matching circuit coupling with an
inner layer electrode connected to another signal line.

Moreover, the wiring line connected to the matching
circuit cannot be lengthened without limit due to the gen-
eration of loss, degradation of the Q value and also the
generation of a signal phase shift in the wiring line. Con-
sequently, when designing the matching circuit, it has been
necessary to decide the arrangement and values of other
circuit elements with consideration of the length and
arrangement of the wiring line, and as a result, there have
been large restrictions imposed on the design and the design
work has been difficult.

SUMMARY OF THE INVENTION

Accordingly, preferred embodiments of the present inven-
tion provide a high-frequency module in which harmonics
are attenuated without incurring an increase in substrate size,
in which coupling between an inner layer electrode con-
nected to another signal line and a matching circuit is
significantly reduced or prevented and in which restrictions
on the design of a matching circuit due to a wiring line are
small.

A high-frequency module according to a preferred
embodiment of the present invention includes a multilayer
substrate, a switch circuit, a filter circuit and a matching
circuit. The matching circuit includes a wiring line and a
coupling electrode. The multilayer substrate includes a plu-
rality of insulating layers stacked on top of one another in a
stacking direction, and inner layer electrodes provided
between the insulating layers. The switch circuit includes an
antenna connection terminal and a plurality of connection
switching terminals. The filter circuit is connected to one of
the connection switching terminals of the switch circuit. The
matching circuit performs impedance matching between the
switch circuit and the filter circuit in a band that corresponds
to the filter circuit. The wiring line is one of the inner layer
electrodes and is connected between the switch circuit and
the filter circuit. The coupling electrode is one of the inner
layer electrodes, is connected to ground and is capacitively
coupled with the wiring line as a result of facing the wiring
line in the stacking direction with only an insulating layer
therebetween.

In this configuration, in the matching circuit, a capacitor
defined by the wiring line and the coupling electrode is
connected in parallel with the wiring line and one end of this
capacitor is connected to ground. As a result, the filter circuit
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has a low-pass attenuation characteristic, when viewed from
the switch circuit, in which a harmonic of a signal of a
corresponding band is attenuated. Moreover, since the wir-
ing line defines one of the electrodes of the capacitor,
additional space required to accommodate the capacitor is
reduced to the minimum. In addition, the wiring line is
shielded from inner layer electrodes connected to other
signal lines by the coupling electrode connected to ground
and therefore, coupling of an inner layer electrode connected
to another signal line with the matching circuit is prevented.
In addition, the wiring line defines a portion of the capacitor
and therefore loss, Q value degradation, generation of signal
phase shift and so forth due to the wiring line are prevented.

In the above-described high-frequency module, the
matching circuit may include an inductor portion that is
connected in series with one end of the wiring line.

In the above-described high-frequency module, the cou-
pling electrode may include an opening portion in a portion
of an area thereof that faces the wiring line. In this way, it
is possible to perform adjustment to lower the capacitance of
the capacitor defined by the wiring line and the coupling
electrode.

In the above-described high-frequency module, it is pref-
erable that the coupling electrode be provided on both sides
of the wiring line in the stacking direction. In this way, the
capacitance of a capacitor defined by the wiring line and the
coupling electrodes is increased and both sides of the wiring
line are shielded by a coupling electrode and therefore,
coupling of inner layer electrodes connected to other signal
lines with the matching circuit are prevented with more
certainty.

In the above-described high-frequency module, it is pref-
erable that only the wiring line be provided between the
coupling electrodes. In addition, it is preferable that the
wiring line be closer to the coupling electrodes than the other
inner layer electrodes are.

In the above-described high-frequency module, it is pref-
erable that the filter circuit be provided in a plurality, that the
matching circuit be provided in a plurality, that at least one
of the filter circuits be connected to the matching circuit
defined by the wiring line and the coupling electrode, and
that at least another one of filter circuits be connected to
another one of the matching circuits defined by just an
inductor. With this configuration, coupling between these
filter circuits via a capacitor does not occur and isolation of
the circuits is significantly improved.

According to various preferred embodiments of the pres-
ent invention, by using a matching circuit, a low-pass
attenuation characteristic in which a harmonic of a high-
frequency signal in a band corresponding to a filter circuit is
attenuated is provided and generation of intermodulation
distortion is prevented. In addition, an increase in substrate
size is prevented by reducing to a minimum a space in which
a wiring line and a coupling electrode are arranged. In
addition, coupling of an inner layer electrode connected to
another signal line with the matching circuit is prevented
and as a result, good isolation characteristics are realized.
Furthermore, loss, Q value degradation, signal phase shift
and so forth due to the wiring line are prevented, such that
restrictions on the line length of the wiring line are elimi-
nated and the work of designing the matching circuit is
simplified.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
ings.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B are a schematic circuit diagram and
a schematic sectional view of a high-frequency module
according to a first preferred embodiment of the present
invention, respectively.

FIG. 2 is a layer diagram for an example of the high-
frequency module according to the first preferred embodi-
ment of the present invention.

FIG. 3 is a diagram for explaining changes in an attenu-
ation characteristic in examples of the high-frequency mod-
ule and in a comparative example configuration.

FIG. 4A and FIG. 4B are a schematic circuit diagram and
a schematic sectional view of a high-frequency module
according to a second preferred embodiment of the present
invention, respectively.

FIG. 5 is a schematic sectional view of a high-frequency
module according to a third preferred embodiment of the
present invention.

FIG. 6 is a schematic circuit diagram of a high-frequency
module according to a fourth preferred embodiment of the
present invention.

FIG. 7 is a schematic sectional view of a high-frequency
module according to a fifth preferred embodiment of the
present invention.

FIG. 8 is a layer diagram for an example of the high-
frequency module according to the fifth preferred embodi-
ment of the present invention.

FIG. 9 is a schematic sectional view of a high-frequency
module according to a sixth preferred embodiment of the
present invention.

FIG. 10 is a schematic circuit diagram of a high-frequency
module according to an example of the prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

First, a high-frequency module according to a first pre-
ferred embodiment of the present invention will be
described.

FIG. 1A is a schematic circuit diagram of the high-
frequency module according to the first preferred embodi-
ment. FIG. 1B is a schematic sectional view of the high-
frequency module according to the first preferred
embodiment. In the following description, a surface that
faces upward in the sectional view of the high-frequency
module will be referred to as an upper surface and a surface
that faces downward in the sectional view of the high-
frequency module will be referred to as a lower surface.

A high-frequency module 10 illustrated in FIG. 1A
includes a switch IC 12, an antenna matching circuit 1, a
transmission filter circuit 2, a transmission filter circuit 3, a
SAW duplexer 13, a matching circuit 14, a SAW duplexer 7
and a matching circuit 6. The high-frequency module 10
transmits and receives transmission signals and reception
signals corresponding to a plurality of communication sys-
tems by commonly using a single antenna.

The high-frequency module 10 includes an antenna con-
nection port PmA, connection switching ports PmS1, PmS2,
PmS3 and PmS4, and a ground connection port PmGnd. The
antenna connection port PmA is connected to an antenna.
The connection switching port PmS1 is connected to a first
transmission circuit, which is not illustrated. The connection
switching port PmS2 is connected to a second transmission
circuit, which is not illustrated. The connection switching
ports PmS3 are connected to a first reception circuit and a
second reception circuit, which are not illustrated. The
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connection switching ports PmS4 are connected to a third
reception circuit and a fourth reception circuit, which are not
illustrated. The ground connection port PmGnd is connected
to ground.

In addition, the switch IC 12 includes an antenna con-
nection port PsA and connection switching ports PsS1, PsS2,
PsS3 and PsS4. The switch IC 12 has a function of per-
forming switching to connect any of the connection switch-
ing ports PsS1, PsS2, PsS3 and PsS4 to the antenna con-
nection port PsA. The antenna matching circuit 1 is
connected between the antenna connection port PmA and the
antenna connection port PsA and performs impedance
matching between the antenna and the switch IC 12. The
transmission filter circuit 2 is connected between the con-
nection switching port PmS1 and the connection switching
port PsS1 and allows a signal of a transmission band of a
certain communication system to pass therethrough. The
transmission filter circuit 3 is connected between the con-
nection switching port PmS2 and the connection switching
port PsS2 and allows a signal of a transmission band of a
certain communication system to pass therethrough. The
SAW duplexer 13 is connected between the connection
switching ports PmS3 and the connection switching port
PsS3 and includes two SAW filters having different pass
bands to each other. A SAW filter of the SAW duplexer 13
on the reception circuit side is equipped with balanced
terminals. The matching circuit 14 is connected between the
SAW duplexer 13 and the connection switching port PsS3 of
the switch IC 12 and performs impedance matching in a
band corresponding to the SAW duplexer 13. The SAW
duplexer 7 is connected between the connection switching
ports PmS4 and the connection switching port PsS4 and
includes two SAW filters having different pass bands to each
other. A SAW filter of the SAW duplexer 7 on the reception
circuit side is equipped with balanced terminals. The match-
ing circuit 6 is connected between the SAW duplexer 7 and
the connection switching port PsS4 of the switch IC 12 and
performs impedance matching in a band corresponding to
the SAW duplexer 7.

Here, the matching circuit 14 preferably includes an
inductor .1 and a capacitor C1. The inductor [.1 is con-
nected in series between the SAW duplexer 13 and the
connection switching port PsS3 of the switch IC 12. The
capacitor C1 is connected in parallel with the inductor [.1
and one end thereof is connected to the switch IC 12 side of
the inductor L1 and the other end thereof is connected to
ground. The SAW duplexer 13 is connected to the switch IC
12 via the matching circuit 14 having the above described
circuit configuration, and therefore the attenuation charac-
teristic on the SAW duplexer 13 side seen from the connec-
tion switching port PsS3 of the switch IC 12 is a low pass
attenuation characteristic in which attenuation in a band that
is lower than the passband of the SAW duplexer 13 is
comparatively small and attenuation in a band that is higher
than the passband is comparatively large. Therefore, a
harmonic of a reception signal does not pass through the
connection switching ports PmS3 of the high-frequency
module 10 and generation of intermodulation distortion due
to a reception signal and a harmonic is prevented from
occurring in reception circuits connected downstream of the
connection switching ports PmS3 and in the SAW duplexer
13.

The matching circuit 6 preferably includes a single induc-
tor L.2. The inductor .2 is connected in parallel with a signal
line, one end of the inductor .2 being connected to the signal
line and the other end of the inductor L2 being connected to
ground. The SAW duplexer 7 is connected to the switch IC
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12 via the matching circuit 6 having the above-described
circuit configuration, and therefore the attenuation charac-
teristic on the SAW duplexer 7 side seen from the connection
switching port PsS4 of the switch IC 12 is a high-pass
attenuation characteristic in which attenuation in a band that
is lower than the passband of the SAW duplexer 7 is
comparatively large and attenuation in a band that is higher
than the passband is comparatively small. Therefore, there is
a risk of a harmonic of a reception signal passing through to
reception circuits connected downstream of the connection
switching ports PmS4 of the high-frequency module 10.
However, the matching circuit 6 includes the single inductor
L2, different from the matching circuit 14 and therefore
coupling of the matching circuit 6 and the matching circuit
14 via a capacitor and a ground is prevented and isolation of
the matching circuit 6 and the matching circuit 14 from each
other is high.

In addition, as illustrated in FIG. 1B, the high-frequency
module 10 includes a multilayer substrate 11. The multilayer
substrate 11 includes a plurality of dielectric layers 11A,
which are insulating layers, inner layer electrodes 11B, via
electrodes 11C, upper surface electrodes 11D and lower
surface electrodes 11E. The plurality of dielectric layers 11A
are stacked on top of one another with the vertical direction
being a stacking direction. The inner layer electrodes 11B
are provided between the dielectric layers 11A. The via
electrodes 11C are provided so as to penetrate through the
dielectric layers 11 A in the vertical direction and connect the
electrodes provided above and below the dielectric layers
11A to one another. The upper surface electrodes 11D are
provided on an upper surface of the multilayer substrate 11.
The lower surface electrodes 11E are provided on the lower
surface of the multilayer substrate 11.

In addition, the upper surface electrodes 11D are used to
mount a plurality of chip components. The switch IC 12, the
SAW duplexer 13 and the SAW duplexer 7 (not illustrated)
are included in the plurality of chip components. Therefore,
each of the ports including the connection switching port
PsS3 of the switch IC 12 is connected to a corresponding one
of the upper surface electrodes 11D including upper surface
electrodes 11D that are not illustrated.

The lower surface electrodes 11E are mounted on to an
external circuit. Therefore, each of the ports including the
ground connection port PmGnd of the high-frequency mod-
ule 10 corresponds to one of the lower surface electrodes
11E including lower surface electrodes 11E that are not
illustrated.

In addition, the multilayer substrate 11 includes a via
wiring line 16A, a wiring line 17, a via wiring line 16B, an
inductor portion 19, a via wiring line 16C and inner layer
ground electrodes 18 A and 18B. The via wiring line 16A, the
wiring line 17, the via wiring line 16B, the inductor portion
19, the via wiring line 16C and the inner layer ground
electrodes 18A and 18B form the above-mentioned match-
ing circuit 14 and are connected between the switch IC 12
and the SAW duplexer 13. The inductor portion 19 defines
the above-mentioned inductor [.1. In addition, the wiring
line 17 and the inner layer ground electrodes 18A and 18B
define the above-mentioned capacitor C1.

More specifically, the inner layer ground electrodes 18A
and 18B are provided at different interfaces between dielec-
tric layers 11A and the inner layer ground electrode 18A is
positioned further toward the upper surface side than the
inner layer ground electrode 18B.

The via wiring line 16C includes a via electrode 11C
provided so as to extend through a plurality of dielectric
layers 11A, is positioned further toward the upper surface
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side than the inner layer ground electrode 18A and is
provided so as to extend in the vertical direction directly
below an upper surface electrode 11D on which the SAW
duplexer 13 is mounted, one end thereof being connected to
the upper surface electrode 11D.

The inductor portion 19 preferably is formed in a coil
shape by connecting a plurality of inner layer electrodes 11B
and via electrodes 11C to each other. The inductor portion 19
is positioned further toward the upper surface side than the
inner layer ground electrode 18A and further toward the
lower surface side than the via wiring line 16C and one end
thereof is connected to the via wiring line 16C.

The via wiring line 16B includes a via electrode 11C
provided so as to extend through a plurality of dielectric
layers 11A and is provided so as to extend in the vertical
direction directly below the inductor portion 19. One end of
the via wiring line 16B is connected to the inductor portion
19 and the other end of the via wiring line 16B extends to
a point between dielectric layers 11 A interposed between the
inner layer ground electrode 18A and the inner layer ground
electrode 18B.

The via wiring line 16A includes a via electrode 11C
provided so as to extend through a plurality of dielectric
layers 11A, is provided so as to extend in the vertical
direction directly below the upper surface electrode 11D on
which the connection switching port PsS3 of the switch IC
12 is mounted, and one end thereof is connected to the upper
surface electrode 11D. In addition, the other end of the via
wiring line 16 A extends to a point between dielectric layers
11A interposed between the inner layer ground electrode
18A and the inner layer ground electrode 18B.

The wiring line 17 is one of the inner layer electrodes 11B.
That is, the wiring line 17 is defined by an inner layer
electrode 11B, is provided between dielectric layers 11A
interposed between the inner layer ground electrode 18A and
the inner layer ground electrode 18B, and is connected
between the via wiring line 16 A and the via wiring line 16B.
The inner layer ground electrode 18A and the inner layer
ground electrode 18B oppose each other on either side of the
wiring line 17 with just dielectric layers 11A therebetween,
that is, are capacitively coupled with each other as a result
of being superposed with each other when viewed in plan
and correspond to the coupling electrodes in the description
of the claims. The inner layer ground electrode 18A and the
inner layer ground electrode 18B are also each one of the
inner layer electrodes 11B. That is, the inner layer ground
electrode 18A and the inner layer ground electrode 18B are
each defined by an inner layer electrode 11B.

Thus, the wiring line 17 defines one electrode of the
capacitor C1 and the inner layer ground electrodes 18A and
18B define the other electrode of the capacitor C1, such that
the space in which to arrange the capacitor C1 is reduced to
a minimum. Therefore, an increase in the size of the mul-
tilayer substrate 11 is prevented and a compact high-fre-
quency module 10 is provided.

In addition, the wiring line 17 is interposed between the
inner layer ground electrodes 18A and 18B and as a result
the wiring line 17 is shielded from other inner layer elec-
trodes connected to the above-mentioned connection switch-
ing ports PsS1, PsS2, PsS4 and so forth. Therefore, coupling
of the wiring line 17 with other inner layer electrodes
connected to the above-mentioned connection switching
ports PsS1, PsS2; PsS4 and so forth is prevented and
isolation characteristics are high.

In addition, since the wiring line 17 does not function as
a normal wiring line but rather functions as part of the
capacitor C1, even if the actual line length of the wiring line
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17 is long, the substantial wiring line length between the
switch IC 12 and the SAW duplexer 13 can be reduced.
Thus, occurrence of loss, Q value degradation, a signal
phase shift and so forth generated in a normal wiring line are
significantly reduced or prevented. Thus, in design of the
matching circuit 14, design restrictions due to the wiring line
17 are significantly reduced, the degree of freedom regard-
ing the arrangement of and setting of the value of the
inductor portion 19 is significantly increased and the design
work becomes easier. Here, the capacitance of the capacitor
C1 can be adjusted by changing the line width of the wiring
line 17.

Next, a specific example of the high-frequency module
according to the first preferred embodiment will be
described. FIG. 2 is a layer diagram of a high-frequency
module according to the example. Portions (1) to (13) in
FIG. 2 illustrate the shapes of lower surface electrodes, inner
layer electrodes and upper surface electrodes of the high-
frequency module according to the example in order from
the lower surface side of the multilayer substrate. The wiring
line structure and circuit structure between the switch IC 12
and the SAW duplexer 13 of the high-frequency module
according to this example are similar to those illustrated in
FIGS. 1A and 1B, but some portions of the circuit structure
and the multilayer structure are different from those illus-
trated in FIGS. 1A and 1B.

Lower surface electrodes are provided on the first layer
from the lower surface of the multilayer substrate. The inner
layer ground electrode 18B is provided on the second layer
from the lower surface of the multilayer substrate. The
wiring line 17 is provided on the fourth layer from the lower
surface of the multilayer substrate. The inner layer ground
electrode 18A is provided on and the via wiring lines 16A
and 16B are exposed in the fifth layer from the lower surface
of the multilayer substrate. A portion of the inductor portion
19 is provided on and the via wiring line 16A is exposed in
each of the layers from the sixth layer to the eighth layer
from the lower surface of the multilayer substrate. The via
wiring lines 16A and 16C are exposed in each of the layers
from the ninth layer to the twelfth layer from the lower
surface of the multilayer substrate. A plurality of upper
surface electrodes including the upper surface electrodes on
which the switch IC 12 is to be mounted and the upper
surface electrodes on which the SAW duplexer 13 is to be
mounted are provided on the thirteenth layer from the lower
surface of the multilayer substrate.

That is, the wiring line 17, which is provided on the fourth
layer from the lower surface of the multilayer substrate, is
interposed between the inner layer ground electrode 18B,
which is provided on the second layer from the lower surface
of the multilayer substrate, and the inner layer ground
electrode 18A, which is provided on the fifth layer from the
lower surface of the multilayer substrate, and is connected
between the via wiring line 16A and the via wiring line 16B.

The via wiring line 16A includes only a via electrode
extending from the fourth layer to the thirteenth layer from
the lower surface of the multilayer substrate and is con-
nected to an upper surface electrode on which the switch IC
12 is mounted on the thirteenth layer from the lower surface
of the multilayer substrate.

The via wiring line 16B includes only a via electrode
extending from the fourth layer to the sixth layer from the
lower surface of the multilayer substrate and is connected to
the inductor portion 19 at the sixth layer from the lower
surface of the multilayer substrate.

In addition, the via wiring line 16C includes only a via
electrode extending from the ninth layer to the thirteenth
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layer from the lower surface of the multilayer substrate, is
connected to the inductor portion 19 at the ninth layer from
the lower surface of the multilayer substrate and is con-
nected to an upper surface electrode on which the SAW
duplexer 13 is mounted on the thirteenth layer from the
lower surface of the multilayer substrate.

Next, changes in the attenuation characteristic that occur
when a portion of the matching circuit of the high-frequency
module according to the above-described example is
changed will be described. FIG. 3 illustrates attenuation
characteristics seen when looking toward the SAW duplexer
13 side from the connection switching port PsS3 of the
switch IC 12 in the high-frequency module according to the
above-described example (first example), a high-frequency
module according to a second example, and a high-fre-
quency module according to a comparative example.

The first example has a circuit configuration that includes
a matching circuit including an inductor L1 connected in
series with a signal line and a capacitor C1 connected in
parallel with the signal line, similarly to as in the high-
frequency module whose configuration is illustrated in FIG.
2. The second example has a circuit configuration that
includes a matching circuit includes a single capacitor C1
connected in parallel with a signal line. The comparative
example has a circuit configuration that includes a matching
circuit that is not formed of a capacitor connected in parallel
with the signal line but rather includes a single inductor
connected in parallel with a signal line.

In addition, here, an attenuation characteristic in a single
SAW filter that defines part of the SAW duplexer 13 is
illustrated. This SAW filter preferably has a pass band in an
approximately 1900 MHz band, for example.

The comparative example exhibits a high-pass attenuation
characteristic in which attenuation in a band lower than the
pass band is large and attenuation in a band higher than the
pass band is small. In contrast, both the first and second
examples exhibit a high pass attenuation characteristic in
which attenuation in a band lower than the pass band is
smaller and attenuation in a band higher than the pass band
is larger than in the comparative example.

More specifically, at the frequency of a second order
harmonic of the SAW filter, greater attenuation is obtained
in the first and second examples than in the comparative
example in that attenuation in the first example is approxi-
mately —65.5 dB and attenuation in the second example is
approximately —58.6 dB whereas attenuation in the com-
parative example is approximately —54.7 dB.

Therefore, it is clear that attenuation of the second order
harmonic in the pass band can be increased and generation
of intermodulation distortion can be significantly reduced or
prevented by realizing a high-pass attenuation characteristic
such as those of the first example and the second example
rather than the high-pass attenuation characteristic of the
comparative example.

Next, a high-frequency module according to a second
preferred embodiment of the present invention will be
described.

FIG. 4A is a schematic circuit diagram of the high-
frequency module according to the second preferred
embodiment of the present invention. FIG. 4B is a schematic
sectional view of the high-frequency module according to
the second preferred embodiment of the present invention.

A high-frequency module 20 illustrated in FIG. 4A
includes a switch IC 12, an antenna matching circuit 1, a
transmission filter circuit 2, a transmission filter circuit 3, a
SAW duplexer 13, a matching circuit 24, a SAW duplexer 7
and a matching circuit 6.
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The matching circuit 24 has a different configuration to
that described in the first preferred embodiment and is
composed of just a capacitor C1. That is, the matching
circuit has a configuration realized by omitting the inductor
connected in series with the signal line from the configura-
tion of the first preferred embodiment.

In addition, as illustrated in FIG. 4B, the high-frequency
module 20 includes a multilayer substrate 21. The multilayer
substrate 21 has a configuration obtained by omitting the
inductor portion and the via wiring line connected to the
inductor portion described in the first preferred embodiment
and replacing them with a via wiring line 26B. The via
wiring line 26B is provided so as to extend vertically directly
under an upper surface electrode 11D on which the SAW
duplexer 13 is mounted.

The configuration of the high-frequency module 20 is
similar to that of the second example whose attenuation
characteristic is illustrated in FIG. 3. That is, the inductor
connected in series with the signal line is omitted and the
matching circuit includes only a capacitor connected in
parallel with the signal line. Also in the case of such a
configuration, the attenuation characteristic on the SAW
duplexer side seen from a connection point between the
matching circuit and the switch circuit can be made to be a
low-pass attenuation characteristic in which attenuation in a
band that is higher than the pass band of the SAW duplexer
is comparatively large.

Next, a high-frequency module according to a third pre-
ferred embodiment of the present invention will be
described.

FIG. 5 is a schematic sectional view of a high-frequency
module according to the third preferred embodiment of the
present invention.

A high-frequency module 30 illustrated in FIG. 5 includes
a multilayer substrate 31. The multilayer substrate 31 has a
configuration obtained by omitting the inner layer ground
electrode positioned above the wiring line 17 from among
the two inner layer ground electrodes illustrated in the first
and second preferred embodiments. The matching circuit in
the thus-configured high-frequency module 30 includes only
a capacitor defined by the inner layer ground electrode 18B
and the wiring line 17 facing each other and is therefore
suitable for a case in which it is desirable to reduce the
capacitance of the capacitor connected in parallel with the
signal line.

Next, a high-frequency module according to a fourth
preferred embodiment of the present invention will be
described.

FIG. 6 is a schematic circuit diagram of the high-fre-
quency module according to the fourth preferred embodi-
ment of the present invention.

A high-frequency module 40 illustrated in FIG. 6 includes
a matching circuit 46. The matching circuit 46 is connected
to the connection switching port PsS4 of the switch IC 12
and includes just a capacitor C2 connected in parallel with
the signal line. That is, the matching circuit 46 is configured
similarly to the matching circuit 24, which is connected to
the connection switching port PsS3 of the switch IC 12. In
the case of the thus-configured high-frequency module 40,
not only is the attenuation characteristic seen when looking
toward the SAW duplexer 13 side from the connection
switching port PsS3 a low-pass attenuation characteristic,
but the attenuation characteristic seen when looking toward
the SAW duplexer 7 side from the connection switching port
PsS4 is also a low-pass attenuation characteristic and there-
fore, also for a reception signal from the connection switch-
ing port PsS4, attenuation in a band that is higher than a
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required pass band is made large and harmonics of the
reception signal are greatly attenuated.

Next, a high-frequency module according to a fifth pre-
ferred embodiment of the present invention will be
described.

FIG. 7 is a schematic sectional view of the high-frequency
module according to the fifth preferred embodiment of the
present invention.

A high-frequency module 50 illustrated in FIG. 7 includes
a multilayer substrate 51. In the multilayer substrate 51, an
opening portion 59 is provided in an inner layer ground
electrode illustrated in the first to third preferred embodi-
ments. FIG. 8 illustrates a portion of a layer diagram of the
high-frequency module according to this preferred embodi-
ment and illustrates only the fifth layer, which is different
from that in FIG. 2. The opening portion 59 is provided in
the fifth layer. In the thus-configured high-frequency module
50, the capacitance generated as a result of the inner layer
ground electrodes 18A and 18B and the wiring line 17 facing
each other can be reduced by adjusting the size of the
opening portion 59.

Next, a high-frequency module according to a sixth
preferred embodiment of the present invention will be
described.

FIG. 9 is a schematic sectional view of the high-frequency
module according to the sixth preferred embodiment of the
present invention.

A high-frequency module 60 illustrated in FIG. 9 includes
a multilayer substrate 61. In the multilayer substrate 61,
inner layer ground electrodes 68A and 68B are provided in
addition to the inner layer ground electrodes illustrated in
the first to third preferred embodiments and the fifth pre-
ferred embodiment. The inner layer ground electrodes 68A
and 68B are provided at positions that are closer to the
wiring line 17 than the inner layer ground electrodes 18A
and 18B are, and only the wiring line 17 is interposed
between the inner layer ground electrodes 68A and 68B.
That is, among all of the signal lines, the wiring line 17 is
arranged as to be closest to and face the inner layer ground
electrodes 68A and 68B. With this configuration, the capaci-
tance generated by the inner layer ground electrodes 68A
and 68B and the wiring line 17 facing each other is
increased.

A high-frequency module according to the present inven-
tion can be formed as has been described in the above
preferred embodiments, but a high-frequency module
according to the present invention may have other configu-
rations. For example, in the above-described preferred
embodiments, examples were described in which a switch
IC is preferably used as a switch circuit, but instead a diode
switch may be provided in the multilayer substrate as a
switch circuit, for example. In addition, examples were
described in which a SAW duplexer is preferably used as a
filter circuit, but instead a single SAW filter or a filter
including a passive element may be provided as a filter
circuit, for example. In addition, the adjustable range of the
capacitance can be broadened by changing the dielectric
constants of the dielectric layer between the wiring line 17
and the inner layer ground electrodes and of the other
dielectric layers. In addition, the insulating layers are not
limited to being dielectric layers and other insulating layers
such as magnetic layers can be used as the insulating layers.

While preferred embodiments of the present invention
have been described above, it is to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
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present invention. The scope of the present invention, there-
fore, is to be determined solely by the following claims.

What is claimed is:

1. A high-frequency module, comprising:

a multilayer substrate including a plurality of insulating
layers stacked on top of one another in a stacking
direction, and inner layer electrodes provided between
the insulating layers;

a switch circuit including an antenna connection terminal
and a plurality of connection switching terminals;

a filter circuit connected to one of the connection switch-
ing terminals of the switch circuit; and

a matching circuit that performs impedance matching
between the switch circuit and the filter circuit in a band
of the filter circuit; wherein

the matching circuit includes:

a wiring line that is one of the inner layer electrodes and
is connected between the switch circuit and the filter
circuit; and

a coupling electrode that is another one of the inner
layer electrodes, is connected to ground, and faces
the wiring line in the stacking direction with at least
one of the insulating layers therebetween and is
capacitively coupled with the wiring line; and

the coupling electrode is provided on both sides of the
wiring line in the stacking direction.

2. The high-frequency module according to claim 1,
wherein the matching circuit includes just one capacitor
connected in parallel to a signal line, and the switch circuit
includes a connection switching port connected to the
matching circuit, the just one capacitor being defined by the
coupling electrode, the wiring line, and the at least one of the
insulating layers therebetween.

3. The high-frequency module according to claim 1,
wherein the matching circuit includes an inductor portion
connected in series with one end of the wiring line.

4. The high-frequency module according to claim 1,
wherein the coupling electrode includes an opening portion
therein in a portion of an area thereof that faces the wiring
line.

5. The high-frequency module according to claim 1,
wherein the multilayer substrate includes via hole conduc-
tors, via wiring lines and inner layer ground electrodes.

6. The high-frequency module according to claim 1,
wherein the wiring line is the only inner electrode provided
between portions of the coupling electrode.

7. The high-frequency module according to claim 1,
wherein the wiring line is closer to the coupling electrode in
the stacking direction than the other inner layer electrodes
are.

8. The high-frequency module according to claim 1,
wherein the filter circuit is provided in a plurality and the
matching circuit is provided in a plurality, at least one of the
plurality of filter circuits is connected to the matching circuit
of' the plurality of matching circuits including the wiring line
and the coupling electrode, and at least another one of the
plurality of filter circuits is connected to another one of the
plurality of matching circuits including only an inductor.

9. The high-frequency module according to claim 1,
further comprising at least one SAW duplexer.

10. The high-frequency module according to claim 1,
further comprising two SAW duplexers.

11. The high-frequency module according to claim 1,
further comprising an antenna matching circuit.

12. The high-frequency module according to claim 1,
wherein the filter circuit includes at least one transmission
filter circuit.
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13. The high-frequency module according to claim 1,
wherein the matching circuit includes an inductor and a
capacitor connected in series, the capacitor being defined by
the coupling electrode, the wiring line, and the at least one
of the insulating layers therebetween.

14. The high-frequency module according to claim 1,
wherein the matching circuit includes only one inductor.

15. The high-frequency module according to claim 1,
wherein the matching circuit includes a capacitor and does
not include an inductor, the capacitor being defined by the
coupling electrode, the wiring line, and the at least one of the
insulating layers therebetween.

#* #* #* #* #*
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